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(54) System for verifying signal timing accuracy on a digital testing device 



(57) An apparatus and method are provided for test- 
ing component tolerances of a device (100) for testing 
integrated circuits. The testing device (100) is generally 
characterized by a plurality of test connectors disposed 
at a test head (205), wherein each test connector car- 
ries electrical signals for a test channel. Further, each 
test channel generally corresponds to a circuit board 
(400) that includes at least one driver (402) and one 
receiver (404). In this general type of tester (100), a sys- 
tem is provided that includes a specialized DUT board 
(500) that establishes a low impedance electrical con- 
nection {i.e., short) between electrical conductors (506) 
of a first and second test connector. Through this low 
impedance path, a first driver (402a) from a first circuit 
board (400a) is directly connected (i.e., shorted) to a 
first receiver (404b) on a second circuit board (400b). A 
controller (206) is configured to control the first driver 
(402a) to output an electrical signal at a predetermined 
time. The preferred embodiment further includes evalu- 
ating mechanism (206, 812) designed to detect the sig- 



nal received at the first receiver (404b). and timing 
mechanism (206, 810) configured to time the signal 
delay. Specifically, the timing mechanism (206, 810) is 
configured to determine the length of time required to 
propagate the signal from the driver (402) to the 
receiver (404). In accordance with the method aspect, 
the method includes the step of establishing an electri- 
cal connection between electrical conductors (506) of a 
first and second test connector such that a first driver 
(402a) from a first circuit board (400a) is electrically 
connected across a low impedance path to a first 
receiver (404b) on a second circuit board (400b). The 
method then controls the output of the first driver (402a) 
to drive an edge of an electrical signal at a predeter- 
mined time and detecting the signal received at the first 
receiver (404b). Finally, the method determines whether 
the signal received at the first receiver (404b) is within a 
predetermined time period of the predetermined signal 
level output from the first driver (402a). 




FIG. 6 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] The present invention generally relates to system for testing automatic testing machines, and more particularly 
to method and apparatus for testing the accuracy of signal timing on a digital testing device. 

10 Discussion of the Related Art 

[0002] A variety of automatic test equipment (ATE) have long been known for testing electronic circuits, devices, and 
other semiconductor and electronic products. Generally, automatic test equipment are divided into two broad catego- 
ries, analog testers and digital testers. As the names imply, analog testers are generally designed for testing analog cir- 
75 curt devices, while digital testers are designed for testing digital circuit devices. Digital testers, as is known, generally 
include a testing device having a number of internal circuit cards or channels that generate programmably controlled 
test signals for testing and evaluating a Device Under Test (DUT). More specifically, ATE are programmably controlled 
to be adapted or configured to testing a variety of devices in a variety of ways. This is achieved by programming output 
signals to inject a certain signal (or signal transition) to a certain pin or signal line on a DUT. In this regard, a digital 
20 tester generally includes a test head whereby electrical signals are input to and output from the tester. The test head 
comprises a number of connectors, each defining a channel, which may be connected via cable or otherwise to a device 
under test. The electronics within the digital tester may then input and output signals to/from a DUT via the test head. 
[0003] By way of an extremely simple illustration, consider a digital tester that is configured to test a wafer containing, 
among other things, a two input AND gate. The digital tester may be configured to apply a logic one on the two signal 
25 lines that correspond to the inputs of the AND gate, then receive the signal on the signal line corresponding to the out- 
put to ensure that it is driven to a logic one. The tester may then be configured to alternatively apply logic zero signals 
on each of the two signal lines corresponding to the AND gate inputs, in order to verity that the output of the AND gate 
transitions from a logic one to a logic zero in response. Although such a test will verity the functional operation of the 
AND gate, additional tests must be executed to verity timing and other aspects of the AND gate. 
30 [0004] For example, assume that the two input signals to the AND gate are a logic one and a logic zero, the output is 
also a logic zero. When, however, the second input transitions from a logic zero to a logic one (whereby both inputs are 
at a logic one) then the output of the AND gate transitions from a logic zero to a logic one. Furthermore, the output must 
me this transition within a prescribed period of time, which time will be prescribed by manufacturer specifications. 
Accordingly, digital testers are further designed to allow programmed testing of such features by sensing and measur- 
es ing the time between the transition of the input signal to the corresponding transition of the output signal. It will be appre- 
ciated that the example given above is an extremely simple example and is presented merely for purposes of 
illustration, and, as will be appreciated by those skilled in the art, digital testers are much more sophisticated and are 
capable of performing much more sophisticated and complex testing routines. 

[0005] An extremely important aspect of ATE, including digital testers, is that the testing equipment maintain 
40 extremely accurate tolerances. Otherwise, it will not be clear whether measured values of a DUT reflect errors or dis- 
crepancies within the DUT, or whether errors or discrepancies result from component or other tolerance variations in 
the ATE components. In this regard, automatic test equipment manufacturers generally provide a set of built-in-test 
(BIT) routines for the automatic test equipment. However, and as will be further described below, these manufacturer 
provided BIT routines have proven to be generally inadequate in today's market of high-speed components and high 
45 volume manufacturing facilities. 

[0006] Another way of verifying the accurate operation of a tester may be accomplished by using accurate, external 
testing equipment in a manual fashion. For example, volt meters may be used for testing voltage levels, and a oscillo- 
scopes may be used for evaluating timing aspects. However, it will be appreciated that external testing of an ATE is 
extremely time consuming, and therefore adversely impacts production quantities. A particular problem that has been 
so noted in recent years specifically relates to a digital tester s ability to self -test for timing accuracy. Indeed, the electronic 
devices today, which are often configured to operate at clock speeds in the hundreds of megahertz frequency range, 
must generally be maintained within tolerances on the order of hundreds of picoseconds As a result, digital testers have 
generally proven unable to maintain the required accuracy through the manufacturer's test procedures provided with 
the equipment. 

55 [0007] As a result of the general failure of testing devices in this respect, circuit designers have been known to write 
circuits tests for specific testers. That is, a circuit designer may design an electronic circuit test to pass the testing 
requirements of a given auto malic tester, while failing those same tests on another digital tester of the same type. 
Charts, sometimes called white boards, have been generated that keep track of certain characteristics of various auto- 
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matic testing equipment. Circuit designers have used the information contained within these white boards in order to 
design circuits to pass the test of a given tester. Clearly, however, this approach adversely affects the overall yield of a 
designed product, and is disfavored. 

[0008] Accordingly, there is a need to develop a system for improving the accuracy of automatic testing equipment, 
5 specifically digital testers, by verifying with a high degree of accuracy the performance of the digital testers. 

SUMMARY OF THE INVENTION 

[0009] Certain objects, advantages and novel features of the invention will be set forth in part in the description that 
10 follows and in part will become apparent to those skilled in the art upon examination of the following or may be learned 
with the practice of the invention. The objects and advantages of the invention may be realized and obtained by means 
of the instrumentalities and combinations particularly pointed out in the appended claims. 

[0010] To achieve the advantages and novel features, the present invention is generally directed to a system and 
method for testing component tolerances of a device for testing integrated circuits, the device having a plurality of test 

75 connectors disposed at a test head, each test connector having electrical conductors carrying electrical signals for a 
test channel, wherein each test channel corresponds to a circuit board that includes at least one driver and one 
receiver. In accordance with the broad concepts and teachings of the invention, an apparatus and method operate to 
compare driver and receiver components by interconnecting drivers from a first board to receivers of a second board, 
and vice-versa. Since built in test procedures provided by the tester manufacturer typically calibrate the drivers and 

20 receivers of a single pin, using cables and relays to hook that single pin to all other pins in the system, one at a time. 
Accordingly, the cross-check provided by the present invention provides an much improved system and method for ver- 
ifying the accuracy of the operation of tester components. 

[001 1 ] In accordance with one aspect of the invention, an apparatus is provided for testing component tolerance of a 
device for testing integrated circuits. The testing device is generally characterized by a plurality of test connectors dis- 
25 posed at a test head, wherein each test connector carries electrical signals for a test channel. Further, each test chan* 
net generally corresponds to a circuit board that includes at least one driver and one receiver. In this general type of 
tester, a system is provided that includes a specialized DUT board (or other shorting means) that establishes a low 
impedance electrical connection between 

the one signal pin to a second signal pin on a different broad. All electrical connections are of substantially identical 
30 electrical length. Through this low impedance path, a first driver from a first circuit board is directly connected [i.e., 
shorted) to a first receiver on a second circuit board. A controller is configured to control the first driver to output an elec- 
trical signal at a predetermined time. Preferably, this signal may be generated at a first edge. As is known, driver signals 
may be generated at any of a number of edges. In the HP83000 tester (which is just one of many that may incorporate 
the concepts and teachings of the present invention), there are six edges within a single tester cycle. The preferred 
35 embodiment further includes evaluating means designed to detect the signal received at the first receiver, and timing 
means configured to time the signal delay. Specifically, the timing means is configured to determine the length of time 
required to propagate the signal from the driver to the receiver. 

[0012] Consistent with the basic elements recited above, the preferred embodiment of the invention may be specially 
configured test various timing parameter of the tester hardware. For example, the system may be configured to test the 

40 rise time of a driver signal, to ensure that the rise time is within specification limits. Also, the specialized DUT board may 
be removed from the test head, so that each connector pin is disposed as an open circuit. This no-load condition results 
in maximum impedance mismatch within the line, and therefore maximizes the signal reflection back toward the driver. 
The receiver (companion receiver to the driver) may be configured to sense this reflection, and therefore determines 
the timing of the signal (and therefore cable length) between the driver and the connector PINS in a TDR test (time 

45 domain reflectometer measurement). 

[0013] In accordance with another aspect of the present invention, a method is provided for measuring component 
timing variances in a testing device, such as that of the general configuration described above. In accordance with this 
aspect of the invention, the method includes the step of establishing a electrical connection between electrical conduc- 
tors of a first and second signal pins such that a first driver from a first circuit board is electrically connected across a 

so low impedance path to a first receiver on a second circuit board. The method then controls the output of the first driver 
to drive an edge of an electrical signal at a predetermined time and detecting the signal received at the first receiver. 
Finally, the method determines whether the signal received at the first receiver is within a predetermined time period of 
the predetermined signal level output from the first driver. 

[0014] In accordance with a more specific aspect of the invention, the preferred embodiment may be provided on a 
55 computer readable storage medium containing program code for controlling the operation of a self test for an automatic 
testing device. The computer readable storage medium (which could be an integrated circuit, a magnetic disk, a CD 
ROM, etc.) includes: (1) a first code segment that contains program code that controls the output of a first driver on a 
first circuit board to drive a electrical signal to a predetermined value; (2) a second code segment that contains program 
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code that evaluates the time the signal is received at a first receiver disposed on a second circuit board, that is config- 
ured to receive the signal output by the first driver; and (3) a third code segment that contains program code that verifies 
that the signal timing (the length of time for the signal to travel from the driver to the receiver through the DUT board) is 
within a predetermined tolerance of the predetermined signal, accounting for both driver and receiver error of the first 
5 driver and first receiver. 

[001 5] In accordance with yet another embodiment of the invention, a method tor testing the tolerance of components 
within a automatic testing device is provided, and includes the Step of disposing a first test connector in an open, no- 
load configuration to obtain maximum impedance mismatch from a characteristic line impedance and thus obtain max- 
imum signaJ reflection. The, a first driver is controlled to drive an output signal at a predetermined time. The method 
10 then detects a reflected signal at a first receiver, wherein the first receiver is disposed on the same circuit board as the 
first driver. Finally, the method verifies that the signal received at the first receiver is received within a predetermined 
time of the signal output from the first driver. 

DESCRIPTION OF THE DRAWINGS 

15 

[001 6] The accompanying drawings incorporated in and forming a part of the specification, illustrate several aspects 
of the present invention, and together with the description serve to explain the principles of the invention. In the draw- 
ings: 

so FIG. 1 is a block diagram of an automated testing device for testing digital electronic circuitry; 
FIG. 2 is a block diagram illustrating an automated testing device; 
FIG. 3 is a more detailed view of a test head of an automated testing device; 

FIG. 4 is a block diagram illustrating principal components of a circuit board containing a plurality of drivers and 
receivers in a testing device; 

25 FIG. 5 is a block diagram illustrating the interconnection between pins of two test connectors of the test head of the 
testing device; 

FIG. 6 is a block diagram illustrating the configuration of two circuit boards of the type illustrated in FIG. 4, config- 
ured to take a shorted board measurement; 
FIG. 7 is a schematic diagram illustrating the TDR test measurement; 
30 FIG. 8 is an operational flowchart illustrating the principal steps in testing and measuring in accordance with one 
embodiment of the invention; and 

FIG. 9 is a graph illustrating a graphical plot that may be generated by the preferred embodiment of the present 
invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0017] Having summarized various aspects of the present invention, reference will now be made in detail to the 
description of the invention as illustrated in the drawings. While the invention will be described in connection with these 
drawings, there is no intent to limit it to the embodiment or embodiments disclosed therein. On the contrary, the intent 
40 is to cover all alternatives, modifications and equivalents included within the spirit and scope of the invention as defined 
by the appended claims. 

[0018] Referring now to FIG. 1, a block diagram of a "board-type" ATE system (tester) 100 is shown. Although the 
preferred embodiment of the present invention is directed to wafer testers, the concepts and teachings are not so nar- 
rowly limited. Accordingly, FIG. 1 is shown merely to illustrate a prior art platform to which the concepts and teachings 

45 of the present invention may be applied. ATE system 100 includes a test generator 102 and a test controller 104. Test 
generator 102 generates an in-circuit test for each device on a board to be tested. A generic test plan 106 provides 
supervisory control over testing. This includes sequencing the tests, logging the results, controlling board/fixture inter- 
facing, controlling the test power supplies, and providing a user interface. The combination of the individual in-circuit 
tests and test plan 106 forms a test specification. 

so [0019] A device models library 108, physical database 1 10, and an electrical database 1 12 may provide the data 
required for test generator 1 02 to generate the in-circuit tests. Electrical database 1 1 2 may contain a list of the devices 
on the DUT board 1 16, an electrical description for each device, and electrical interconnect information. Physical data- 
base 110 may contain a topological description of the board which may be used by test controller 104 to locate and test 
DUT 1 1 6. Physical database 1 1 0 and electrical database 1 1 2 are typically generated by a CAD/CAM (Computer Aided 

55 Design/Computer Aided Manufacturing) system during design of a board. 

[0020] Device models library 1 08 contains a plurality of pregenerated generic models for commonly used digital inte- 
grated circuit chips (ICs). Essentially, each model is a test routine which is to be inserted {i.e., edited) into the board test 
specification. Each device model may provide, for a specific device, pin-out information (i.e., which pins are inputs, out- 
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puts, bi-directional, or unused), a test program, a method for preconditioning (described below) each output of the 
device, and device specific information including a test pattern rate and required signal levels. 
[0021 ] Test controller 1 04 executes the in-circuit tests generated by test generator 102. A driver module 1 14 is used 
to apply the test signals to a DUT 1 1 6, and a sensor (receiver) module 1 1 8 is used to receive the response of DUT 1 1 6 

5 to the test signals. The combination of driver module 1 14 and sensor module 1 18 is known as a tester channel. The 
HP83000 tester is a example of an ATE system, and is available from Hewlett-Packard Company. 
[0022] Reference is now made to FIG. 2, which illustrates an environment in which the tester 100 may operate. A host 
computer 202 running an application program may be coupled to test hardware 208. In one embodiment, host computer 
202 may be coupled to the test hardware 208 via a Local Area Network (LAN) 204. The test hardware 208 typically 

w includes a test head 205 which provides the interface input and output to a DUT 116. The test hardware 208 may 
include analog devices, such as analog drivers and receivers, which can be used to perform analog testing on the DUT 
1 16. An application program in the host computer 202 may communicate with an interpreter which performs Dynamic 
Link Library (DLL) calls which instruct remote test head 205 to perform a particular lunction. The test hardware 208 may 
receive instructions from the host computer 202. These instructions may then control the various tests that are run on 

is DUT 116. 

[0023] FIG. 3 illustrates the test hardware 208 in greater detail. In one embodiment, sixteen instrument ports, 302. 
each comprising a high line 303 and a low line 305, are input into an instrument MUX 304. The instrument MUX 304 
outputs signals on four instrument buses 306. The embedded computer 206 instructs the instrument MUX 304 via con- 
trol line 314 as to which instrument signals should be placed on the instrument buses 306. Instrument buses 306 are 

so then multiplexed to a plurality of channels via channel MUX 308. 

[0024] The embedded computer 206 controls which signals are output from channel MUX 308 via control line 316. 
The channel MUX 308 outputs comprise DUT high lines 31 1 and DUT low lines 310. These high and low lines are gen- 
erated by an instrument 308. The high and low lines are used as inputs into the test channel 312, which is shown in 
greater detail in FIG. 4, during testing. When testing a particular circuit board, that is a DUT, the number of channels 

25 utilized by the embedded computer 206 is generally equal to the number of nodes to be tested on the circuit board. 
[0025] Having described, generally, the architecture and environment that is common to many testers, reference is 
now made to FIG. 4. which is a block diagram of certain components of a circuit board 400 of an HP83000 tester, which 
is the preferred platform tester for the preferred embodiment of the present invention was designed. As illustrated, the 
circuit board 400 includes a plurality of drivers 402 and receivers 404. As is known, the drivers 402 are configured to 

30 output signals to pins of a test connector. On the HP83000, there are sixteen drivers and sixteen receivers on a single 
board/channel. A single parametric measurement unit PMU 406, however, is provided on the board 400. As is known, 
the PMU 406 is configured to quantify or measure signals. In operation, the PMU 406 provides calibration for the drivers 
402 and receivers 404. 

[0026] A number of relays are also illustrated in the drawing, and together provide for a dynamic board configuration. 

35 Specifically, a relay 408 selectively connects and disconnects the drivers 402 and receivers 404 from continuity with the 
test connector. Another relay 410 establishes selective connection with the test connector and another path on the 
board 400; for example, with the PMU. It will further be appreciated that portions of the present invention control the 
relay control signals so as to dynamically configure the board 400 in the appropriate manner for carrying out the diag- 
nostic functions of the present invention. Furthermore, although only one of each relay is illustrated in the drawing, it will 

40 be appreciated that there may be multiple relays. For example, there is a relay 408 for each of the sixteen driver/receiver 
402/404 pairs. 

[0027] In normal operation, the test connector is connected via cabling or otherwise to a device under test (DUT). 
Thus, signals generated by the drivers 402 ultimately drive inputs of components on a DUT board. Likewise, output sig- 
nals Irom components on a DUT board are delivered via the test connector to the receivers 404. By controllably varying 
45 the output level of the drivers 402 and monitoring the input levels of receivers 404, functional operation of a DUT may 
be tested. In additional to verifying the functional operation of a DUT, testers may also verity whether the components 
on the DUT are operating in accordance with specified tolerance values or ranges. As previously described, however, 
this type of testing can produce false or inaccurate results if the components on the tester fail or otherwise go out of 
specified tolerance. 

so [0028] As previously discussed, there is a known method for measuring timing accuracy, which involves the use of 
external measurement equipment, such as an oscilloscope and timing generator, to collect accuracy data. While this 
method achieves a relatively high degree of accuracy, it requires a user to manually probe each channel for several dif- 
ferent measurement sets. In high -volume manufacturing environments, this external measurement device method is 
unacceptable. 

55 [0029] Accordingly, the present invention is provided for testing and determining whether certain tester components 
are out of tolerance. In accordance with the present invention, the tester is used to measure its own accuracy, and 
requires a much simpler DUT board and very little user interaction to take data. As will be appreciated, this method is 
a much better choice because it minimizes impact on the manufacturing environment and still provides adequate meas- 
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urement accuracy. 

[0030] Referring briefly to FIG. 5. a specially-configured DUT board 500 is used in connection with the self tests per- 
formed by the preferred embodiment of the present invention. Specifically, this specialized DUT board 500 shorts pins 
from test connectors 502 ad 504 together. As previously described, the tester includes a test head 205, through which 

5 all electrical connections with the tester are established. The test head 205 includes a plurality of connectors, such as 
test connectors 502 and 504. Channels 01 through 16 are illustrated on each of these test connectors 502 and 504. 
Channel 01 corresponds to a first driver/receiver 402/404 pair on the circuit board 400. The specially-configured DUT 
board 500 of the preferred embodiment contains conductive paths (e.g., 506) that short channel lines together between 
adjacent test connectors 502 and 504. In this way, a driver from a first circuit card 400 (for example, a card correspond- 

10 ing to test connector 502) may be connected to a receiver of a second circuit card (for example, a card corresponding 
to test connector 504). Of course, the preferred embodiment will control the relay control signals on the respective cir- 
cuit boards 400 so as to effect the appropriate signal paths to establish this connection. In the preferred embodiment, 
all conductive paths (e.g., 506) on the DUT board 500 will be the same length. 

[0031] Turning now to the specific concepts and teachings of the present invention, the timing metrology control tool 
is of the preferred embodiment measures edge placement error. Edge placement error is the difference between the 
intended driver or comparator edge position and the actual position within a tester cycle. As will be appreciated, the 
edge placement error is composed of timing delay error, timing jitter, and transition time variation. 
[0032] As is known and previously discussed, the traditional method of veritying edge placement accuracy is to use 
a more accurate tool to measure each edge's position and compare it to a standard edge in the system. For example, 
20 this may be performed using an external device, such as an oscilloscope, or some other tool with at least a 10:1 accu- 
racy advantage. This method would be acceptable if the pin count were low. However, when testing a large number of 
pins with multiple edges (and particularly in a high volume environment), a more efficient method is desired. 
[0033] Because of the large number of edges that generally need to be measured, and although not necessary for 
carrying out the inventive aspects, probability and statistics may be used to determine the accuracy of testers and tester 
25 components. As described below, a robust analysis routine may be used to gather large numbers of measurements 
automatically using both shorted board and open circuit tests. 

[0034] The shorted board uses a DUT board 500 as described in connection with FIG. 5. 

When placed in the system, the configuration appears as shown in FIG. 6. Although not specifically described herein, 
the various relays of the circuit boards are controlled to move to the positions illustrated in FIG. 6. In this configuration, 
30 while the driver 402s drives a high, the receiver 404b performs a propagation delay functional test. According to this 
test, when the receiver 404b locates the driven pulse, the system records its time of arrival. In one implementation on 
the HP83000, this test is repeated thirty six times to account for all combinations of six drive edges and six receiver 
edges (there being six edges per tester cycle). 

[0035] Preferably, conductive trace lengths on the shorted board 500 are substantially the same length for all pairs of 
35 pins so that comparatrve/differential propagation delay may be measured. If the testers were perfect, the recorded val- 
ues for all pairs of pins would be the same. After the test is complete in one direction, the pins change functions and the 
whole process is repeated. That is, driver 402b is configured to drive receiver 402a. At the completion of the tests, both 
drive and receive data have been gathered for all pins. 

[0036] Another test that is performed by the preferred embodiment of the present invention is referred to as the time 
40 domain reflectometer (TDR) measurement. Unlike the test described above, this test is performed without the shorting 
board 500 on the test head. As a result, each pin drives a one, with edge 1 , to an open. That is, since no connection, 
and thus no load, is associated with the pins of the test head, 100% of the signal is reflected back toward the 
driver/receiver 402/404 pair (see FIG. 4). The time it takes the reflected signal to return to the receiver 404 is measured 
using the other five timing edges of the cycle. The TDR measurements are repeated several times to find both rise time 
45 and cable length plus the error offset for edge one of each pin. 

[0037] FIG. 7 illustrates the TDR test measurement setup (both circuit and waveform). As shown, the driver 402 drives 
a signal along conductor 702. The drive signal, as observed by receiver 404, steps from 704 to 706 when placed on the 
cable 702. Preferable the drive signal is placed on the cable 702 at edge one (of the six edges in the HP83000). When 
the drive signal reaches the non-loaded end (i.e., the pin) of the cable 702 it is reflected back, and therefore doubles in 
so amplitude 708 (as additive to the driven pulse). The distance or time between the two signal steps is directly propor- 
tional to the distance or length of the conductor 702. 

[0038] Having briefly described the two measurement tests that are made, measurement theories are now discussed. 
Specifically, probability and statistics can be used to monitor the repeatability and accuracy of the testers, by making 
some assumptions.. The assumptions are: 

55 

1 . Timing errors will be symmetrically distributed around zero error, so that the average measured value will be very 
close to the actual or correct value; 
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2. By taking the average value of a system and comparing it to a pin value plus or minus the acceptable error for 
that System, it can be determined if a pin is within the manufacturer's specification; 

3. By comparing the average, upper, and lower measured times of all Systems together, the repeatability of the test 
5 platform can also be determined; and 

4. No pair of pins will be completely out-of-specification in opposite directions, making the sum of their offset error 
close to zero. As a result, if a pin has all six edges more than twice the specification limits out of specification, then 
the six edges on its companion pin will not be out the same amount in the opposite direction. By doubling the 

io acceptable error, because of two pins used in the measurements, and using the above assumptions, the accuracy 
of a pair of pins can be tracked and monitored. One method for finding the error of each pin will be discussed below. 

[0039] Once the data has been gathered, it needs to be processed to determine the repeatability and accuracy of the 
testers. From the three previous measurements, four afferent parameters may be calculated. The parameters are rise 
is time, TDR, drive error, and receiver 404 error, each of which are discussed below. 

Rise time measurements 

[0040] Since the rise time measurements are taken with a TDR, the waveforms can have a step (as illustrated in FIG. 
20 7). This step is not a function of the rise time but a function of the reflected edge. To get around the step problem, the 
rise time is measured two times, once at 1 0-40% and the next at 60-90%. The number recorded for each pin is the aver- 
age of these two numbers in Volts/nanosecond. 

TDR measurements 

25 

[0041] The TDR test measures the delay or length of the transmission line from the driver 402 to the end of the line 
ad back to the receiver 404 (See FIG. 7). Since the TDR measurement is performed without a shorting board 500 or 
other load, the driver 402 drives the signal into an open and 100% of the drive signal is reflected at the tip of the pogo 
pin (i.e., the pin at the connector). The time recorded (Tdr) by the TDR test is: 

30 

Tdr o actual transmission time - calibration offset (1) 

If the calibration offset for a pin or edge is correct, then the recorded value (Tdr) should be zero. However, this is rarely 
the case. The following can be substituted for Equation 1 . 

35 

Tdr * AD-AC (2) 

Where: 

40 Tdr = Measure time 

AD = Driver edge error 
AC = Receiver edge error 

If the assumption is made that the driver error and receiver error for a given pin and edge, are equal in magnitude, then: 

45 

|AD| = |AC| (3) 
Based on the above Equation 2 can be solved for AD and AC: 

so &D=Tdr/2 AC=-Tdr/2 (4) 

If driving with edge one while receiving with the other 5 edges, 2X transmission error or 4X the drive error of edge one 
can be found. By taking the average of five receiver edges, most of the error caused by jitter is averaged out of the 
measurement. 

55 

Shorted board measurements 

[0042] The shorted board measurements give only an overall view of the system. This is because an inaccurate driver 
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402 drives a signal into an inaccurate receiver 404. A look at this test by itself can only give an accuracy for any one pin 
of +/-2X the accuracy of the tester. Therefore, the shorted board test typically identifies significant problems. However, 
with multiple measurements of a set of pins, the shorted board data may be processed to find the error of edges two 
through six with respect to edge one. This is done for each driver 402 and receiver 404 separately. Starting with the fol- 
5 lowing equation of the time(f) measured in the shorted board test: 



w 



25 



30 



40 



Where: 



t = d-c (5) 

d « D + AO (6) 
C = C + A (7) 



is And: 



/ = Measured value using shorted board. 

D = Correct Drive time 

AD = Driver error 

C « Correct Receiver time 

AC = Receiver error 

AO and AC have a mean zero for all pins added together and a variance of od and era The data taken from the testers 
also shows AD and AC are normally distributed around zero. 

t » d - c * D + AD - (C + AC) = D - C + AD - AC (8) 

The expected value in a fully calibrated system would be: t = D • C. 
The variance of the system is: 



Variance (t) = var{(D-C) + (AD - AC) } (9) 

= vd z +oc 2 -2 Cov (AD - AC) (10) 

35 Since the edge errors are all independent, the covariance is equal to zero Thus, 2 Cov (AD-AC) 

[0043] By defining / as the driver's edge number and m as the receiver s edge number on a pair of pins, Equation 8 
becomes: 



t 1m = d r c m ^D^AD r (C m + ACJ (11) 

Equation 10 becomes: 



45 Using Equation 8 we get the following: 



so 
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TO 



15 



in -in AD, -(C, + AC,) -/Z>,+ AD, - (C 2 + AC?)] 
t„ -t, 3 =£>,+ AD, -(C, + ACO AD, - rCj+ 4C^7 

=£>/ + /ID/ -fC, + AC) -/D,+ 4D/ - (C 6 ± AC^J 
or 

t„ -r, m =A+ AD, -(C, + -/D/+ AD, - (13) 



25 



30 



35 



These equations are for the six edges on the HP83000. Both D and C are constants in these equations. By solving for 
drive edge error and receiver edge error separately, the following equations are obtained: 

t, r tjj=ACrAC, t 2 rt„=ADi - AD 2 

t,Hn=ACs-AC, and ts,-t„^AD s - AD S 

Urtn-ACrAC, t 6 rtu=AD, - AD 6 

Here, there are ten equations and twelve unknowns. From the ten equations, the following two equations are obtained. 

f lm -f„«AC m -AC, (14) 
and 

f nI -f„=A0 r AD n (15) 

40 [0044] At this point, the amount of error tor edges two through six can be found with respect to edge one. Now, a way 
of referencing edge one of all the pins to each other is needed. By using Equation 4 from the TDR measurement to find 
edge one, and substituting it into Equations 14 and 15, the following is obtained: 

AC m ./, m -f„-Tdr/? (16) 

45 

and 

^ D n^ t 11' t n1 + Tdr/2 < 17 > 

so These equations do not take into account the jitter from the receiver's measurements. However, by averaging the six 
measurements for each edge on the shorted board test, and five measurements for edge one on the TDR test, almost 
all error caused by jitter is removed. 

[0045] The driver error and receiver error can be found separately for each edge, by using Equations 1 6 and 1 7. With 
these equations the need to double the manufacturer's specifications is not needed. This test can now ensure the ability 
55 of testers to meet the manufacturer's specifications on a pin by pin, edge by edge basis. 
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Standard Equations 

[0046] By using the above measurement methods and assumptions, the testers can be monitored in may different 
ways, all of which help track problems and control edge placement accuracy of the testers. For all five types of data 
5 taken, four data points may be calculated and tracked in a statistical data base. By charting these four data points, each 
system can be tracked and compared with each other. If one system differs from the others in any of the charted areas, 
then it will show up in one of these charts. For each set of measurements or calculations taken, the four types of statis- 
tics charted are the average, standard deviation, minimum value and maximum value. 

[0047] The statistical charts, along with equipment specifications, may be used to set limits for each measurement. 
10 Each time the test programs are run the results are checked against these limits. If data points are found outside of 
these limits, the test fails and a message is sent to a display. In addition, information covering the test type, pin number, 
and amount of error may be sent to a file for use in calibrating or repairing the tester. 

[0048] The TDR, rise time, and shorted board measurements can also be used in troubleshooting the HP 83 000 by 
logging the average offset value of each pin. This is done by averaging the driver 402 and receiver 404 offset errors for 
is each pin. The data may be logged to a local file on each system. The last six entries for each pin may be checked for 
the following statistical valuations: 

1 . standard deviation greater than 20 picoseconds; 

2. last data point outside of the range formed by the average +/- the pin's standard deviation; and 
20 3. a trend, plus or minus, of greater than 20 picoseconds 

If any of these conditions are met the information is reported to the user. 

[0049] Reference is made briefly to FIG. 8, which shows a flowchart of the principal operational Steps in a preferred 
embodiment of the present invention. Specifically, upon start-up the method may perform an initialization routine 802, 

25 which includes initializing variables and performing a variety of initial configuration tasks, which will necessarily vary 
from tester to tester and implementation to implementation, and therefore need not be discussed herein. After initializa- 
tion, the method may determine and configure the various tester channels for performing the various tests. Then, the 
tester performs the various tests, including rise time test (step 806), TDR test (808), ad shorted-board tests (810). 
[0050] In the preferred embodiment, a routine may be provided to generate a graphical output illustrating this test 

30 results (Step 81 1 ). Such a graphical output may appear similar to that shown in FIG. 9. In this regard, a vertical dimen- 
sion of the graph may correspond to the standard deviation of a TDR test, and the horizontal dimension may represent 
a data, time, or test number. In the illustrated graph horizontal lines 902 and 904 represent the permissible tolerance or 
deviation ranges. Accordingly, area 906 of the graph represents a failed condition, or at least test(s) where the driver 
did not perform within specified tolerance. 

35 [0051 ] Finally, at step 81 2 the method evaluates the results to determine whether the drivers 402 and receivers 404 
are within a specified tolerance or not. 

[0052] The foregoing description has been presented for purposes of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise forms disclosed. Obvious modifications or variations are possible 
in light of the above teachings. Tne embodiment or embodiments discussed were chosen and described to provide the 
40 best illustration of the principles of the invention and its practical application to thereby enable one of ordinary skill in 
the art to utilize the invention in various embodiments and with various modifications as are suited to the particular use 
contemplated. All such modifications and variations are within the scope of the invention as determined by the 
appended claims when interpreted in accordance with the breadth to which they are fairly and legally entitled. 
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static char rcsid[] « RCSSTR; 
^include <stdio.h> 
#include <string.h> 
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^include <stdlib.h> 
^include <math.h> 
#tnclude <time.h> 
^include <unistd.h> 
float SPEC1D[1025][7][7], 

SPEC1R[1025][7][7], 

SPEC2D[1025][7][7], 

SPEC2R(1025][7][7], 

TDRD[1025][7] t 

TDRR[1025][7], 

RISETIME[1025]; 
char *in_data, 

tester[20]; 
int maxpin-0, 

date, 

tim; 
FILE *in_file; 
void read_data(); 
void rise_times(); 
void TDR_timesO; 
void STATSO; 
void tester nameO; 
void PRINT_FILESO, 
voidPRINT_SQCS(); 
main(argc,argv) 
int argc; 
char ** argv; 

{ 

in_data=argv[l]; 
if(argc=2) 

{ 

in_file=fopen(in_data,"r M ); 

read_dataO; 

fclose(in_file); 

tester_nameO; 

risetimesO; 

TDRjimesO; 

PRINT_SQCSO; 

PRINT_FILESO; 

} 

else { 

printf( M no data\nThe file pointer is %sW,in_fiIe); 

} 

} 

/* I I HI 1 1 I I 1 I I 1 I I I I I I I I I I II I I I I II H I I HI I H H I I I I I I I I M I I I I H f 
+*/ 
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void read_data() 
{ 

char line[3024], 

teslname[20]; 
int Dch, 

Rch, 

Dedge, 

Redge, 

frame, 

bd, 

pin, 

tmp, 

Dpin, 

Rpin; 

float value; 
while( !feof(in_file)) 
{ 

fgets(Hne,256,in_flle); 

sscarrf(line, MO /od %d °/oS %d %d %d %d %f ', 

&date,&tim,testname,M)ch,&D^ 
Dpin=Dch; 
Rpin=Rch; 
frame=Dch/10000; 
bd=(Dch/100)-(frame* 100); 
pin=Dch-((bd* 100)+(frame* 10000)); 
tmp=piitf<(bd-l)* 16)+((frame-l)*512); 
Dch=tmp; 
frame=Rch/10000; 
bd=(Rch/100)-(frame* 100); 
pin-Rch-((bd* 100)+(franie* 10000)); 
tmp=pin+((bd-l)*16)-K(frame-l)*512); 
Rch=trnp; 

/• printf( w \t\t%s %d %d %d %d °/of\n", 

testname,Dch,Dedge,Rch,Redge, value);*/ 
if(strncmp( H SPECr,testname,5)=0) 
{ 

SPEClDIPchlfDedgeltRedgel^alue; 
SPEClR[Rch]p)edge]tRedge]=value; 

} 

if(strncmp( M SPEC2 , \testname,5)=0) 
{ 

SPEC2D[Dch][0][0]=Dpin; 
SPEC2R[Rch][0][0]=Rpin; 
SPEC2D[Dch][Dedge][Redge]=value; 
SPEC^R[Rch][Redge][De<Ige}=va1ue; 
/* printfCPIN °/o.0f, 
%d\t%d\t%d\t°/o.2f\n\SPEC2D[Dch][0][0],Dch,Dedge,Redge t value);*/ 
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} 

} 

5 /« H I I I I I I I I I I I I I I I I I I I I t M I I I I I I I I I I I I I I I I I M I I I M I I I I ♦/ 

void tester nameO 
{ 

char *line; 
10 strcpy(tester,in_data); 

if((line=strrchr(tester, , / , ))'=NULL) 

/* printfCthe tester is %s and the line is °/os\n",tester,line);*/ 
strcpy(tester,&line[ 1 ]); 

} 

tester[l]=NULL; 

/* printfCthe tester is %s\n M ,tester);*/ 

/* | | || | M 1 | | M | 1 1 M I I I I I I t I M I M M M M M M M M I I M II I I I I \ I I I */ 

void rise_times() 
{ 

int 

j, 
K 

tmpval, 
num; 

forCi=l;i<=1024;i++) 
{ 

if(SPEClD[i][l][l]!=0) 
{ 

RlSETIME[i]=0; 
forQ=lj<=6j-H-) 
{ 

for(k=l;k<=6;k++) 

{ RISETIME[i]=RISETIME[i]+SPEC2D[i][j][k]-SPEClD[i]D][k]; 
} 

} 

RISETIME[i]=RISETIME[i]/36000; 
RISETIME[i]=l/RISETIME[i]; 
maxpin=maxpin+ 1 ; 

} 

} 

/♦ H I I I I I I I I I I I I I I I I I I I I I I I I I I I I I M I 1 I I I I H I I I I I I I I I I I I I I I II »/ 

void TDR timesO 
{ 

int i=l, 

I 

55 
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k; 

for(i=l;i<=1024;i++) 
{ 

for 0=0 j<=6 
{ 

TDRD[i][j]=0, 
TDRR[i][j]=0; 

} 

> 

for(i=l;i<=1024;i-H-) 
{ 

if(SPEClD[i][l][l]!=0) 
{ 

forO=2j<=6j-H-) 
{ 

for(k=l;k<=6;k++) 
{ 

TDRD[i][j]= TDRD[i]Q] + SPEC2D[i][j][k] - SPEC2D[i][l][k]; 
TDRR[i][j]= TDRR[i][j] + SPEC2R[i][l][k] - SPEC2R[i]0][k]; 

} 

TDRD[i][j]=TDRD[i][j]/6; 
TDRRp] [j]=TDRR[i] [j]/6; 

/* printfCXtXt %d %d %.2f %.2f\n",ij,TDRD[i]D],TDRR[i][j]);*/ 

} 

} 

} 

} 

/» I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I */ 

voidPRINT_SQCSO 
{ 

char outfile[20]; 
float tdrd, 

tdrr, 

shortt; 
int i, 

j, 
k; 

FILE *fpl; 

strcpy(outfile," SQCS_FILE_NEW"); 
fpl=fopen(outfilc,"w"); 
fprintf(fpl,"richI@fc.hp.com\nobservation\n"); 

fprintf(fpl,"date time obs_dcsc_id key valid D30 pinnum riseval tdrdrive tdrreceive 

shortvalW); 
fprintfCfpl/free format\n"); 
for(i=l;i<=1024;i++) 

{ 
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if(SPEClD[i][i][l]!=0) 
{ 

tdrr=0; 
tdrd-O; 
shortt=0; 

for 0=2 j<=6;j++) 
{ 

tdrr=tdrr+TDRR[i][j]; 
tdrd=tdrd+TDRD[i][j], 

} 

tdrr=tdrr/5; 
tdrd=tdrd/5; 
for G=lj<-6;j++) 
{ 

for (k=l;k<=6;k++) 
{ 

shortt=shortt+SPEC2D[i][j][k]; 
shortt=shortt+SPEC2R[i][j][k]; 

} 

} 

shortt=shortt/72; 

fprintfl;fpl/%08d%06d f330.timing sqcs t%s °/o.Of %.2f %.2f%.2f 
%.2f\^date,tirrae$ter,SPK^ 
} 

) 

rprintrTrpl/ENDW); 
fclose(fpl); 

M M M I I I I I I I I I M M I I I I I I I I I I I M I I I I I M I I I M I I I I M I I I I M I */ 

void PRINT_FILESO 
{ 

int i, 

j. 
K 

F_OK, 
PinNum, 
sKortCount=0; 
float avgd, 
avgr, 
pinavg, 
shortAvg=0; 
char *local_path; 
FILE *tdrr Jile, 
♦tdrd_file t 
*rise_jile, 
*short_file, 
*pin_timing; 
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local_path="/users/tech/local/Pin.timing"; 
/* local_path="Pin.timing";*/ 
ldrr_file=fopen(7tmp/TDRR.timing","w"); 
tdrd_file=fopen( ,, /tmp/TDRD.timing","w n ); 
rise_file=fopen("/tmp/RISE.timing","w"); 
short_file=fopen(7tmp/SHORT.timing", ,, w"); 

if(access(local jath,F_OK) ! =0) 
{ 

pin_timing=fopen(local_path, " w"); 
fprintf(pin_tiining, B File/Date\t"); 
for0=lj<=1024j++) 
{ 

if ( TDRR[j][2]!=0 || TDRR[j][3]!=0 ||TDRR[j][4]!=0 1| TDRRG][5]!=0 | 
TDRR[j][6]!=0) 
( 

l0 PinNum=0/16)+l; 

if (G-(PinNum-l)» 16)==0) PinNum=10000+((PinNum-l)* 100)+16; 
else PinNum=10000+(PinNum* 100)+Q-((PinNum- 1)* 16)); 
fprintf(pin_tirning, "%d\t",PinNum); 

} 

25 } 

fprintf(pin_timing,"\n"); 
fclose(pin_timing); 

} 

pin_timing=fopen(local_path,"a"); 
^jrintf(pin_timing,*'%08d",date); 
for (i=l;i<=1024;i++) 
{ 

if(SPEC2D[i][l][l] 1=0) 
( 

for(k=l;k<=6;k++) 
{ 

avgd=avgr=0; 
for0=la<=6j++) 
{ 

avgd=avgd+SPEC2D[i][k][j]; 
avgr=avgr+SPEC2R[i][k][j]; 

} 

avgd=avgd/6; 
avgr=avgr/6; 
shortAvg=shortAvg+((avgd+avgr)/2); 
shortCount++; 

} 

so ) 

) 

short Avg=shortAvg/shortCount; 
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for(i=l;i<=1024;i++) 

s { if ( TDRR[i][2]!=0 1| TDRR[i][3]!=0 ||TDRR[i][4]!=0 || TDRR[i][5]!=0 1| 

TDRR[i][6]!=0) 
{ 

pinavg=0; 

for 0=2J<=6J ++ ) 
w { 

fprintntdrr_file,"%.Of\te%d\t%.lf^",SPEC2D[i][0][0]j,TDRR[i]a]); 
fprintfltdrd file,"%.0f\te%d\t%.lf^",SPEC2D[i][0][0]j ( TDRD[i]D]); 
pinavg=TDRR[i][j]+TDRD[i][j]; 

15 pinavg=pinavg/10; 

fprintf(pin_timing,"\t»/o3.2f',pinavg); 

} 

if(RISETIMEti]!=0) 

20 { 

fprintf(rise_ffle,"%.OAt%.3f^ n ,SPEC2D[i][0][0] > RISETIME[i]); 

} 

if (SPEC2D[i][l][l] != 0) 
{ 

* for (k=l;k<=6;k++) 

{ 

avgd=avgr=0; 
for(j=lj<=6j-H-) 

30 { avgd=avgd+SPEC2D[i][k][j]; 

avgr=avgr+SPEC2R[i][k]Q]; 

} 

avgd=avgd/6; 

35 avgr=avgr/6; 

fprintf(short_file^^ 

shortAvg)); 

fprmtf(short_ffle/% 

shortAvg)); 

AO | 
} 

} 

£printf(pin_timing, M \n H ); 
45 fclose(tdiT_file); 

fclose(tdrd_file); 
fc!ose(pin_timing); 
fclose(short file); 
fclose(rise_file); 

so } 

The following program checks for out of spec values in the 4 files made by the 
other program. The specs are set as shown below as $tdr_specN f $tdr_specP, 
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$nrz_specN, $nrz_specP, $rise_specN, and $rise_specP. 

5 mmmimmmmmmmmmm main main mmmmmmmmmmmm 

# Below are the values used in checking for out of spec measurements 

# in the 3 data files stored in the tmp dir. These files are created 

# when the raw data file is processed. 

10 $tdr_specN = -100; #Low spec for the TDR measurements pulled from LCL on TDR 

min in SQCS 

$tdr_specP = 100; #High spec for the TDR measurements pulled from UCL on TDR 
min in SQCS 

$nrz_specN = -300; #Low spec for the Shorted Bd. measurements pulled from LCL 
on sys min in SQCS 

$nrz_specP = 300; #High spec for the Shorted Bd. measurements pulled from UCL on 
sys min in SQCS 

$rise_specN = 1.00; #Low spec for the Rise time (volts/Nanosec) measurements 
pulled from LCL on rise min in SQCS 

$rise_specP = 2.50; #High spec for the Rise time (volts/Nanosec) measurements 
pulled from UCL on rise min in SQCS 

# answer2 is set to "go" to start the while loop. 
$answer2="go B ; # Input from user. 

# This while loop set up the menu at the start of the program and will 

# continue to run until the user types "exit, EXIT, quit, QUIT, q, or Q" 
chdir 7users/tech/tools" || die "Can't cd to /users/tech/tools: $!\n"; 
while ($answer2 !~ /exit|EXIT|quit|QUIT|q|Q/) 
{ 

# The "if statements call different subroutines. 
M Running DPS check 

if (($answer2 ^~i\f) \\ ($len = 1)) 

{ 

35 print( M \n\n\n\tMake sure the »» DPS Check «« board is loaded on test 

head: 

before you go on. 
Hit RETURN to continue, q to quit\n\n"); 
$ answer = <STDIN>; 
if (Sanswer =~/q/) 
{ 

die "Stopping program now"; 

45 print("VtRunning DPS testW); 

system("/users/tech/tools/dpscheck_G 30"); 

} 

# Running levels check 

if (($answer2 =-72/) || ($len = 1)) 

50 { 

print( M \n\n\n\tMake sure the »» spec_chk «« board is loaded on test head: 
before you go on. 
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Hit RETURN to continue or q to quit.VnW); 
Sanswer = <STDIN>; 
if (Sanswer =~/q/) 
{ 

die "Stopping program now"; 

} 

print(*\tRunning levels drive testW); 
system^users/tech/tools/lev^hk"); 

} 

U Running 1st part of spec_check, loading pins 

if (($answer2 =~/3/) || ($answer2 —/a/) || ($lcn = 1)) 
{ 

&pincounl; 

# Running part 2 of spec_check, scheck. This program gathers data from tester, 
if (($answer2 =~/3/) || ($answer2 =~/b/) || ($len = 1)) 

{ 

# Finding the time. 

require "ctime.pl 1 *; 

require "syscall.ph"; 

(grime = split( M M ,&ctime(time)); 

$time[5]-$time[5]-l900; 

$name= v hostname* ; 

# Finding system name 

©tester = split( H,, ,$name); 
$new=( n new M ); 

Soutfile = ,, $tester[6]_$time[l]_$time[2L$time[5]\n ,, ; 
$outme - new= ,, $tester[6]Jtime[l]Jtime[2]_$time[5]Jnew\n M ; 

&scheck; 

U Running part 3 of spec_check, edgejime. Processes data file from part 2. 
if (($answer2 =~/3/) || (Sanswer2 =~/c/)II ($len = 1)) 
{ 

&stats; 
) 

U Running part 4 of spec_check, checking_specs. Specs are set at top of program, 
if (($answer2 =~/3f) || ($answer2 «~/d/) || ($len = 1)) 
{ 

&checking_specs; 

# Sending data to SQCS 

if (($answcr2 ~~/3/) || ($lcn — 1)) 

{ 

&sqcs_send; 

} 

# Running pinparse on local file of pin timing. 
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if (($answer2 =~ 121) || ($answer2 =~ltl) || ($len = 1)) 
{ 

&tracker; 

} 

&question2; 

$len=length($answer2); 

} 

print( M \n\tNow exiting! ! ! ! ! !\n\n"); 

i - end main mmmummmmmmmmuuum 



tiiiiiiiittiiiiifiiiiitiiit mMtimmmmmm m 
fiiiiiiiiufiififfiiffiiffiniiiiitiiiiitiiim 

# This sub prints the following question to the screen. 
U It returns "answer2" to the while loop, 
sub question^ 

20 { 

print("\n\n\n Please enter list (all on one line) of test you would like to run, \n\n\tor 
HIT RETURN for ali:\n M ); 
print(" 

Run DPS Check : 1 

Run Levels Check : 2 

Specchk :3 
Engineering> 
Load Pins :a 
30 Spec_check (gather data off tester) :b 

Process data from raw file :c 
Check data for OUT OF SPEC limits :d 
Run pin tracking of this system :e 
Type exit, quit or q to quit 
35 Enter numbers) and then hit RETURN. 

"); 

$answer2 = <STDIN>; 



) 

hiuitiiiiniiiiitiiuuiiiffifiiiuiffiifiiiiuiiiitfuiitti^ 

tiiiiiiiiiitiiiitiiiiiuiHHitituiiiiiiiiHi pincount sub mimiimimiitimmimiiiimm 

U Sub reads the model file and counts the number of parallel and 

# scan pins. Then passes the information to "filegen". "filegen" is a 

# program that makes the pin, timing, levels, vector, and pin_attributes 

# files for the system you are running on. After the files are 

# made they are moved into place by system commands, 
sub pincount 

{ 

open(model,7hp83000/pws/data/moder); 
$P=0; 
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$s=0; 

$bayl=0; 

$bay2=0; 

5 # Reads in the model file and counting number of parallel and scan pins, 

while (<model>) 
{ 

@modcl = split(\",$_); 
I0 if (($model[0]=~ "F330T") && ($model[0]!~ "#")) 

{ 

if($model[l]<20100) 
{ 

$k=int(($model[ 1 ]-10000)/ 1 00); 
's $l=$model[l]-(10000+($k*100)); 

$m=int(($model[2]-10000)/100); 
$n=$model[2]-(10000+(Sm* 100)); 
if($k> 31) 

20 * $s=$s+<$m-$k)*16+($n+l-$l); 

} 

if($k<32) 

{ 

25 $p=$p+($m-$k)*16-t{$n+l-$l); 

$bayl=$bayl+($m-$k)* 16+($n+l-$l); 

} 

} 

if($model[l]>19100) 

30 | 

$k=int(($model[l]-20000)/100); 
$l=$model[l]-(20000+($k* 100)); 
$m==int(($model[2]-20000)/100); 
35 $n=$model[2]-(20000+<$m*100)); 

if(Sk<33) 
( 

$p=$p+($m-$k)* 16+($n+l-$l); 
$bay2=$bay2+($m-$k)* 16+($n+l-$l); 

40 j 

} 

) 

} 

45 print( M filegen $p $s\n"); 

if ($bay2 > 0) 
{ 

U print("filegen.new Sbayl $s $bay2\n"); 
system("filegen.new Sbayl $s $bay2\n M ); 

} 

if($bay2 = 0) 
{ 
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# print( M filegen.new $bayl $s\n n ); 
system("filegen.new $bayl $s\n"); 

} 

close(model); 

systemfcp /users/tech/tools/pins /fedisk2/spec_chk/configuration/. H ); 
system("cp /users/tech/tools/lev /fedisk2/spec_chk/levels/.''); 
system( M cp /users/tech/tools/timA /fedisk2/spec - chk/timing/. M ); 
systemCcp Aisers/tech/tools/timl /fedisk2/specj;hk/timing/."); 
system("cp /users/tech/tools/vec /fedisk2/spec_chk/vectors/."); 

} 

//////////////wm 

nmmiiimnimiinmmw scheck sub mumummniimnmmimim m 
fHiiiifiiffmiiftfiiifiiffmiifiifin 

# Runs "scheck". This is a c program using firmware commands to gather 
U three important pieces of data from each tester; the rise time, TDR time, 

# and transmission time from one pin to another through a shorted 

# board, for all pins, 
sub scheck 

{ 

print("Now calling specjiew $outfile_new\n "); 
system("specjiew $outfile_new*); # Running a new test. 

# This test may replace scheck, as it is much faster 

# It does all test with the spec_chk bd in place. 

# Runs edge_time, a program that takes the raw data file and finds 

# the rise time, TDR measurements and the shorted board time. It 

# also finds the driver and receiver offset. After this data is found 

# for each pin it finds the standard deviation, average, maximum and 

# minimum. It prints data to 5 files. Three of the files are in /tmp 

# and they are for Rise Time, TDR measurements and overall timing per 

# pin. One file is the SQCS file, and the last file is the average 
U offset per pin. This last file is locally stored on each system, 
sub stats 

{ 

if (($answer2 !~ Ibl ) && ($answer2 =~ /c/)) 
{ 

print( M \n\t Please enter raw files name (please give rel. path):\n\n"); 
Soutfile = <STDIN>; 

} 

chop($outfile); 

printCNow running statistics on the Soutfile"); 
system("spec_parses $outfile_new"); 
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system( M compress $outfi!e_new H ); 
system("mv $outfile\* /users/tech/tools/data/,"); 

m flllllllllll llil lllllll l llillllim 

iHHWntllllflilflilillllllllli i iilllil CHECKING SPECS SUB if If fill II II II fill II II WWMtf # #### 

##############^ 

# This part of the program reads the three files stored in /tmp and 

# checks each pin against the specification listed at the top of this 

# program. If any pins are found to be out then the pin number along 

# with the amount of error is stored in the /tmp/Bad_pins and a message 

# is printed to the screen- 
sub checking_specs 

15 { 

open(TORD f 7tmp/TORD.tirning H ); # TDE measurements from scheck 
$bad_pins = 0; 
$No_run = 0; 

open(Badpins,"> /tmp/Bad_Pins H ); 
while (<TDRD>) 
{ 

$No_run=i; 
@tdr = split(" ",$J; 

if($tdr[2]<$tdr_specN) 
{ 

$out=$tdr[2]-$tdr_specN; 
$bad_pins=l; 

30 print Badpins "TOR DRIVE edge on PIN $tdr[0] out by $out picosec.V ; 

} 

if (Stdr[2]>$tdr specP) 
{ 

3S $out=$tdr[2}-$tdr_specP; 

$bad_pins=l; 

print Badpins "TOR DRIVE edge on PIN StdrfO] out by $out picosec.\n"; 

} 

} 

40 print Badpins "\n\n H ; 

closefTDRD); 

open(TORR,7tmp/TORR.timing tt ); # TOE measurements from scheck 
while (<TDRR>) 
{ 

$Nd_run=l; 
@tdr = split(" ",$_); 
U print "$tdr[2]\n H ; 
if($tdr[2]<$tdr_specN) 
{ 

$out=$tdr[2]-$tdr__specN; 
$bad_pins=l; 
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print Badpins TDR RECEIVER edge on PIN $tdr[0] out by $out 
picosec.\n M ; 
} 

if($tdr[2]>$tdr_specP) 
{ 

$out=$tdr[2]-$tdr_specP; 
$bad_pins=l; 

print Badpins 'TDR RECEIVER edge on PIN $tdr[0] out by $out 
picosec.W; 
} 

} 

print Badpins "\n\n"; 
close(TDRR); 

open(NRZ,7tmp/SHORT.timing B ); # Shorted Bd. measurements from scheck 
while (<NRZ>) 
{ 

$No_nin=l; 
@nrz = split( w ",$_); 
# print n $nrz[0] -> $nrz[2]\n M ; 
if ($nrz[2]<$nrz_specN) 

{ 

$out=$nrz[2]-$niz_specN; 
$bad_pins=l; 

print Badpins "SHORTED PIN $nrz[0] out by $out picosecAn"; 

} 

if ($nrz[2]>$nrz_specP) 
{ 

$out=$nrz[2]-$nrz_specP; 
$bad_pins=l; 

print Badpins "SHORTED PIN $nrz[0J out by $out picosec.\n"; 

} 

} 

print Badpins "\n\n";. 
close(NRZ); 

open(RISE > "/tmp/RISE.timing M ); # Rise time measurements from scheck 
while (<RISE>) 
{ 

$No_run= 1 ; 
©rise = split(" w ,$ J; 
# print "$rise[0] $rise[l]V; 
if ($rise[ 1 ]<$rise_specN) 
{ 

$out=$rise[l]-$rise_specN; 
$bad_pins=l ; 

printf Badpins "RISE PIN $rise[0] out by %.3f volts/nsec.\n",$out; 

) 

if (($rise[l]>$rise_specP) && ($rise[l]< 1000)) 
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{ 

$out=$rise[ 1 ]-$rise_specP; 
$bad_pins=l; 

printf Badpins "RISE PIN $rise[0] out by %.3f volts/nsecAn M ,$out; 

} 

} 

print Badpins "\n"; 

close(RISE); 

select(STDOUT); 

close(Badpins); 

if(SNo_run=0) 

{ print( H \n\xuiRROR— ERROR-ERROR-ERROR— ERROR— ERROR- 

ERROR\n\n H ); % x 

print("*******»******* TEST DID NOT RUN ****************\n\ii"); 
print("»**** MAKE SURE HPSmarTest IS RUNNING ♦********\ n ' 1 ); 
print("EIUlOR— ERROR— ERROR— ERROR— ERROR— ERROR— 

ERROR\n\n"); 

if (($badj>ins=0) && ($No_run=l)) 

^ printCV**********************************************^ 1 ") 1 
print( M ************NO PINS OUT OF SPEC***************\n"); 

print^**********************************************^ 11 ^ 11 ")' 

} 

if^badjnns^l) 

^ pnn^Vn**********************************************^")' 
print("**** PINS OUT OF SPEC PINS OUT OF SPEC ****\n\n"); 
print( M A list of Med pins are located in:\n N ); 
print("\t\t/tmp/Bad_Pins\n M ); 

print( ,, **********************************************^ n ^ n,, ) ; 

} 

prmt("\n M ); 

MimmmmmMmm sqcs_send sub MHimmHmimmiimmmm 
tuiiutmiiiiifitiiiitfmittiiifitiHUfm 

# First looks for the SQCS file, then checks it to make sure it has 

# valid data in it. If it does then a different program is called 

# that will send the file to the SQCS database and then move the 
U file to a local SQCS directory. 

sub sqcs_send 
{ 

$error=system( ,, /users/tech/tools/sqcs_copy_spec 
/users/tech/tools/SQCS.FILE^NEW"); 



0919823A2 I > 



25 



EP 0 919 823 A2 



print("Data sent to SQCSW); 

} 

ifiifiifiiffiiffiifiiffiifififiiiifiifiuiiiif tracker sub mimimimmmiimmmm mm 

# Calls a different perl program that reads a local file that has the 

# average edge time offset for each pin. A message is printed to the 

# screen if on any one of the pins: 

# a) Last data point outside of +/- 3 times the standard deviation plus 

# the average. 

# b) The standard deviation for a pin is greater than 12 picosec (this 

# value may change as we gather data). 

# c) The last 6 points for a pin set a trend, 
sub tracker 

{ 

print("\n\tNow running per pin tracking analysis."); 
systemCpinparse"); 
print("\n\tPlease hit any key:"); 
$answer3 = <STDIN>; 

} 



Claims 

1 . An apparatus for testing component tolerance of a device (1 00) for testing integrated circuits, the device (1 00) hav- 
ing a plurality of test connectors disposed at a test head, each test connector having electrical conductors (506) 
carrying electrical signals for a test channel, wherein each test channel corresponds to a circuit board (400) that 
includes at least one driver (402) and one receiver (404), the system comprising: 

shorting means (500) for establishing a low impedance electrical connection between electrical conductors of 
a first and second test connector, such that a first driver (402a) from a first circuit board (400a) is electrically 
connected across a low impedance path to a first receiver (404b) on a second circuit board (400b); 
a controller (206) configured to control the first driver (402a) to output an electrical signal at a predetermined 

time; 

evaluating means (206, 812) designed to detect the signal received at the first receiver (404b); and 

timing means (206, 810) configured to time a signal delay from the time that the first driver (402a) outputs an 

electrical signal to the time that the evaluating means (206, 812) detects the received signal. 

2. The apparatus as defined in claim 1 , wherein the shorting means (500) includes a printed circuit board containing 
metal layers that establish direct conductive paths between pins on the first test connector to pins on the second 
test connector. 

3. The apparatus as defined in claim 1 , wherein the evaluating means (500) and the timing means (206, 810) are real- 
ized through program code that controls the operation of a processing unit. 

4. The apparatus as defined in claim 3. wherein the processing unit is a device selected from the group consisting of: 
a microprocessor, a microcontroller, an embedded controller, an application specific integrated circuit, and dedi- 
cated hardware specially designed to carry-out processing and control functions. 
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5. The apparatus as defined in claim 1 , wherein the controller (206) is configured output the electrical signal coinci- 
dent with one of a plurality of edges, which plurality of edges are periodically disposed within a period of a master 
clock cycle of the apparatus. 

5 6. The apparatus as defined in claim 1 , wherein the timing means (206, 810) is configured to measure the time when 
a signal arrives at the interface between a device under test (DUT) board and the tester (100) within a tester cycle. 

7. The apparatus as defined in claim 1 , further including means (206) for performing a statistical analysis of timing test 
results, wherein the timing test results are generated from executing a timing test a plurality of times. 

w 

8. In a testing device for testing integrated circuits having a plurality of test connectors disposed at a test head, each 
test connector having electrical conductors carrying electrical signals for a test channel, wherein each test channel 
corresponds to a circuit board (400) that includes at least one driver (402) and one receiver (404), a method for 
diagnosing component timing variances comprising the steps of: 

15 

establishing an electrical connection between electrical conductors (506) of a first and second test connector 
such that a first driver (402a) from a first circuit board (400a) is electrically connected across a low impedance 
path to a first receiver (404b) on a second circuit board (400b); 

controlling the output of the first diver to drive an edge of an electricaJ signal at a predetermined time; 
20 detecting the signal received at the first receiver (404b); and 

determining that the signal received at the first receiver (404b) is within a predetermined time period of the pre- 
determined signal level output from the first driver (402a). 

9. The method as defined in claim 8, further including the steps of: 

25 

establishing an electrical connection between electrical conductors (506) of a first and second test connector 
such that a second driver (402b) from a second circuit board (400b) is electrically connected across a low 
impedance path to a second receiver (404a) on a first circuit board (400a); 

controlling the output of the second driver (402b) to drive an electrical signal at a predetermined time; 
30 detecting the signal received at the second receiver (404a); and 

determining that the signal received at the second receiver (404a) is within a predetermined time period of the 
predetermined signal output from the second driver (402b). 

10. The method as defined in claim 8, wherein the step of establishing an electrical connection further comprises 
35 establishing an electrical connection between electrical conductors (506) of a first and second test connector such 

that a plurality of drivers (402a) from a first circuit board (400a) are electrically connected across low impedance 
paths to a plurality of receivers (404b) on a second circuit board (400b), wherein each of the plurality of drivers is 
Known to be within a specified tolerance. 
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